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$\{\begin{array}{l}\alpha_{1^{\frac{\partial u}{\partial t}}} = \mu div((1-z)^{2}\nabla u)+f x\in\Omega, t>0\alpha_{2}\frac{\partial z}{\partial t} = (\epsilon div(\gamma(x)z)-\frac{\gamma(x)}{\epsilon}z+\mu|\nabla u|^{2}(1 \text{ } z))_{+} x\in\Omega, t>0u(x, t) = g(x,t) x\in\Gamma_{D}, t>0\frac{\partial u}{\partial n}=0 x\in\Gamma_{N}, t>0, \frac{\partial z}{\partial n}=0 x\in\Gamma, t>0u(x,0)=u_{0}(x), z(x,0)=z_{0}(x) x\in\Omega\end{array}$ (1)
$\Omega$ 2 $\Gamma$ $\Gamma_{D}$

















III $\Omega$ , $\Sigma$
[5].




[1]. $\epsilonarrow 0$ $\Gamma$
Bourdin, Francfort. Marigo $u$ $z$ Francfort-Marigo
Ambrosion-Tortorelli
[3,4].
$E_{\epsilon}(u, z):= \frac{\mu}{2}\int_{\Omega}(1-z)^{2}|\nabla u|^{2}dx-\int_{\Omega}fudx+\frac{1}{2}\int_{\Omega}\gamma(x)(\epsilon|\nabla z|^{2}+\frac{1}{\epsilon}z^{2})dx$ (3)
Bourdin $\iota\ovalbox{\tt\small REJECT}=1-z$
$z$ Kachanov damage parameter[7]














$\{\begin{array}{l}\alpha_{1}\frac{\partial u}{\partial l} = -\frac{\delta E_{\epsilon}(u,z)}{\delta u}\alpha_{2}\frac{\partial z}{\partial t} = [-\frac{\delta E_{\epsilon}(u,z)}{\delta z}]_{+}\end{array}$ (4)
$\alpha_{1}\geq 0,$ $\alpha_{2}>0$ (1) III 2
[12].
Bourdin
$\{\begin{array}{l}(u_{i},z_{i}) = argmin E_{\epsilon}(u, z)u=g(t_{:}),z=1on\Sigma_{i-1}E_{\epsilon}(u, z) ;= \frac{\mu}{2}\int_{\Omega}(1-z)^{2}|\nabla u|^{2}dx+\frac{\gamma}{2}\int_{\Omega}(\epsilon|\nabla z|^{2}+\frac{z^{2}}{\epsilon})d_{X}\Sigma_{i} ;= \{x|z_{i}\leq 1-\eta\}\end{array}$ (5)








$\{\begin{array}{ll}\alpha_{i}\frac{\partial u_{i}}{\partial t} = \mu(div((1-z)^{2}\nabla u_{i})+\frac{\partial}{\partial x_{j}}((1-z)^{2}\frac{\partial u_{j}}{\partial x_{i}})+\mu\frac{\partial}{\partial x_{i}}((1-z)^{2}divu))+f_{i} x\in\Omega, t>0i=1,2,3 \alpha_{z}\frac{\partial z}{\partial t} = (\epsilon div(\gamma(x)z)-\frac{\gamma(x)}{\epsilon}z+(1-z)(\lambda(divu)^{2}+\mu(\frac{\partial u_{i}}{\partial x_{j}}+\frac{\partial u_{j}}{\partial x_{i}})^{2}))_{+} x\in\Omega, t>0with B.C and I.C. \end{array}$
(7)












3: ( ) (b) ( )
(2
)
z $\approx$ O( ), $z\approx 1$ ( )
$0<z<1$
(a) (b) (c)
4: $z(x, 0)=0.5 \max(\cos(10x)\cos(20y), 0)$ (a)
($u(b),$ $z(c)$ . ).
$t=0$ $z(x, 0)=0.5 \max(\cos(10x)\cos(20y), 0)$ $\alpha_{1}=$
$0,$ $\alpha_{2}=0.01,$ $\epsilon=0.01,$ $\gamma=0.5,g(x)=10,\Gamma_{D}=\{(x_{1},x_{2})|x_{1}\in(-1,1), x_{2}=\pm 1\}$
ALBERTA toolbox
( ) $\tilde{z}_{0}=0.5$ $($ $- 4 (b))$
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